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  Marxan	  with	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  results	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OUTLINE	  
INTRODUCTION	  
data.adriplan.eu	   European	  MSP	  Direc?ve	  2014/89/UE	  
TOOLS	  FOR	  SUPPORTING	  MSP	  
SpaDal	  decision-­‐support	  tools	  can	  guide	  decision-­‐
makers	  towards	  knowledge-­‐based	  spa?al	  planning.	  
Their	  applica?on	  for	  mul?ple-­‐objec?ve	  zoning	  is	  
beneﬁcial	  for	  suppor?ng	  the	  on-­‐going	  MariDme	  
SpaDal	  Planning	  (MSP)	  process,	  in	  par?cular	  in	  areas	  
of	  high	  density	  of	  uses	  	  
like	  the	  Adria?c-­‐Ionian	  region	  (AIR).	  	  
Gissi	  et	  al.,	  2017	  (under	  review)	  Menegon	  et	  al.,	  2016.	  PeerJPreprint.	  
Gissi	  et	  al.	  (in	  prep.);	  Venier	  et	  al.(in	  prep.)	  
OBJECTIVE	  OF	  THE	  WORK	  
Sustainable	  development	  of	  	  
the	  aquaculture	  
OperaDonalizaDon	  of	  	  
mulD-­‐objecDve	  zoning	  	  
for	  aquaculture	  expansion	  and	  
biodiversity	  protecDon	  	  
(seabed	  habitats,	  marine	  mammals,	  
seabirds	  and	  turtles	  species	  
distribu?on,	  nursery	  and	  spawning	  
areas	  of	  commercially	  important	  ﬁsh	  
species).	  	  
Aquaculture	  expansion	  should	  
occur	  alongside	  the	  protecDon	  of	  
biodiversity	  and	  the	  conserva?on	  
of	  sites	  where	  aquaculture	  and	  its	  
synergic	  uses	  can	  coexist.	  
Pillar	  I	  -­‐EUSAIR	   Topics	  
Blue	  Growth	   Blue	  technologies	  
Fisheries	  and	  aquaculture	  
Mari?me	  and	  marine	  governance	  
and	  services	  
[EUSAIR	  Strategy	  Ac0on	  Plan,	  	  
COM(2014)357	  ﬁnal]	  
STUDY	  AREA:	  Emilia	  Romagna	  Region,	  Italy	  
120	  km	  lenght	  of	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  line	  
5256	  km	  2	  
around	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  from	  coast	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  to	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waters	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  Reef	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METHODOLOGY	  
INTEGRATED	  MULTI-­‐OBJECTIVE	  ZONING	  APPROACH	  	  
FOR	  AQUACULTURE	  AND	  BIODIVERSITY	  
(Applica?on	  of	  the	  decision	  support	  tools	  
	  Marxan	  and	  its	  advanced	  version	  Marxan	  with	  Zones	  	  
to	  develop	  planning	  scenarios)	  
#1)	  SECTORAL	  PLANNING=	  BIODIVERSITY	  PRIORITIZATION	  (MARXAN	  applica?on	  to	  
conserve	  biodiversity	  while	  minimizing	  conﬂicts	  with	  anthropic	  uses)	  
	  
	  
#2)	  SECTORAL	  PLANNING	  =	  AQUACULTURE	  SUITABILITY	  ANALYSIS	  (MULTI-­‐CRITERIA	  
EVALUATION	  ANALYSIS)	  
	  
	  
#3)	  INTEGRATED	  MULTI-­‐OBJECTIVE	  PLANNING:	  INTEGRATION	  OF	  THE	  PREVIOUS	  TWO	  
AREAS	  (MARXAN	  with	  ZONES	  applica?on	  to	  simultaneously	  zone	  biodiversity	  
conservaDon	  and	  maximize	  the	  proﬁtable	  expansion	  of	  aquaculture)	  	  
Specific framework for Marxan and Marxan with Zones analyses, adapted from Mazor et al., 2014.  
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Step	  8:	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  3:	  deﬁne	  CONSERVATION	  FEATURES,	  COSTS,	  TARGETS	  
Step	  4:	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  data	  and	  PRE-­‐PROCESSING	  DATA	  LAYERS	  
Step	  5:	  spa?al	  priori?za?on	  tools:	  run	  MARXAN	  and	  MARXAN	  WITH	  ZONES	  
Step	  6:	  evaluate	  TRADE-­‐OFFS	  
Step	  7:	  rerun	  with	  diﬀerent	  targets	  and	  inputs	  
METHODOLOGY	  
Workflow repeated for #1 and #3 methodology 
 #1 #3 
#2 
METHODOLOGY	  
Workflow for #2 – Aquaculture Suitability Analysis  
Ai=suitability	  of	  the	  i-­‐cell	  
j=criteria	  (environmental	  quality,	  op?mal	  
mussels	  growth	  condi?ons,	  socio-­‐
economic	  evalua?on)-­‐weight	  normalized	  
obtaneid	  by	  ques?onnaries	  
Wij=weight	  normalized	  of	  the	  kj-­‐criteria	  
Xiij=score	  standardized	  (we	  associate	  
values	  from	  0	  to1)	   [adapted	  from	  Dapueto	  et	  al.,	  2015]	  
44	  ConservaDon	  features	  for	  Marxan	  and	  Marxan	  with	  Zones	  analyses	  (steps	  #	  1	  and	  #3)	  
elaborated	  on	  the	  basis	  of:	  
1.  Stra?ﬁca?on	  of	  Eunis	  seabed	  habitats	  according	  to	  bathymetry	  
2.  High	  priority	  nursery	  and	  spawning	  (over	  40%	  probability	  of	  presence	  or	  preferen?al	  
habitat)	  
3.  Number	  of	  sigh?ngs	  >=3	  marine	  mammals,	  turtles,	  seabirds	  
	  	  
METHODOLOGY	  
Step 4 – Pre-processing data layers (1/2) 
Cost:	  number	  of	  uses/availability	  
1
Cost:	  number	  of	  uses	  in	  conﬂict	  with	  
aquaculture:	  Dumping	  area	  for	  dredging,	  
Mari?me	  Transport,	  Military	  areas,	  Oﬀ-­‐shore	  
sand	  deposit,	  Oil	  and	  Gas	  Research,	  Small	  
scale	  Fishery,	  Trawling	  	  
2	  
METHODOLOGY	  
Step 4 – Pre-processing data layers (2/2) 
Biodiversity	  	  +	  Human	  Uses	  
Preliminary	  results	  (1/3)	  
#1	  -­‐	  Priori?za?on	  of	  biodiversity	  conservaDon,	  through	  
Marxan,	  while	  minimizing	  conﬂicts	  with	  other	  anthropic	  uses.	  	  
2#	   -­‐	   Aquaculture	   suitability	   analysis	   using	   a	   mul?criteria	  
evalua?on	  approach	  based	  on	  environmental,	  biological	  and	  
socio-­‐economic	  condi?ons.	  	  
Preliminary	  results	  (2/3)	  
Three	  main	  zones:	  
1.   Biodiversity	  Zone	  
(dark	  green)	  
2.   Aquaculture	  Zone	  
	  	  	  	  	  	  (light	  blue)	  	  
1.   MulDple-­‐Use	  Zone	  
	  	  	  	  	  	  (white)	  
#3	  -­‐	  PrioriDzaDon	  of	  both	  aquaculture	  and	  biodiversity,	  through	  
Marxan	  with	  Zones,	  while	  minimizing	  impacts	  on	  the	  other	  industries	  
opera?ng	  in	  the	  Emilia	  Romagna	  Region.	  	  
Preliminary	  results	  (3/3)	  
CONCLUSIONS	  &	  NEXT	  STEPS	  
•  Integrated	   zoning	   can	   ensure	   win-­‐win	   outcomes	   for	   mulDple	   objecDves:	  
iden?ﬁca?on	  of	  priority	  sites	  to	  simultaneously	  reach	  biodiversity	  conserva?on	  
and	  aquaculture	  maximiza?on	  proﬁt,	  favouring	  in	  par?cular	  aquaculture	  farms	  
oﬀshore	   in	  order	  to	  both	  allow	  the	  use	  of	  bigger	  technologies	   for	  mussel	  and	  
both	  minimize	   the	   impacts	   on	   coastal	   environments	   (pollu?on	   impact,	   visual	  
impact);	  
	  
•  Integrated	   result,	  which	   can	   be	   used	   by	  mulDple	   stakeholders	   and	   decision-­‐
makers	   to	   get	   cost-­‐eﬃcient	   soluDons	   that	   are	   scienDﬁcally	   based,	   thus	  
contribu?ng	  to	  the	  marine	  spa?al	  planning	  process	  and	  sustainable	  growth	   in	  
the	  Adria?c-­‐Ionian	  region;	  
•  We	  treat	  costs,	  including	  informa?on	  on	  the	  conﬂict	  with	  uses;	  
	  
•  Work	   in	   progress:	   ﬁnal	   scenarios	   ready	   for	   discussion	  with	   stakeholders	   and	  
opera?ve	  integra?on	  of	  the	  analysis	  in	  a	  decision	  support	  system.	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